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The loess/paleosol sequence near the village of Madaras is an outstanding record of Late
Quaternary paleoenvironmental and paleoclimatic changes in Hungary and the entire Carpathian
Basin. The present study highlights the results of preliminary micromorphological investigations
implemented on 24 samples taken from two pre-selected pedogenized horizons of the sequence. Our
work yielded interesting results regarding the evolutionary history and modes of pedogenesis in the
studied section. 
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Introduction/study area
The outcrop of Madaras exposing loess/paleosol (L/P) sequences of the Late
Quaternary is found at the northernmost fringe of the Bácska Loess Plateau in the
northern parts of the Telecska Hills in the area of the Danube–Tisza Interfluve
(Nebojszki 2005) (Fig. 1). These sequences record paleoenvironmental and
paleoclimatic changes that occurred in the area during the past ca. 20 kys. During
the Quaternary the area experienced continuous movement along the Paks,
Southern Jászság and Csongrád-Szeged Depressions yielding a highly
transformed morphology (Rónai 1977). In the case of Madaras the L/P complex
overlies older eolian sequences (Marosi and Somogyi 1990). Loess deposits
covering alluvial fans have been extensively studied from several aspects
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including archeology (T. Dobosi 1967; T. Dobosi and Kõhegyi 1989), anthracology
(Stieber 1967), malacology (Krolopp 1989; Hupuczi and Sümegi 2010), and
sedimentology (Molnár and Krolopp 1978). The present-day outcrop exposes a
wall of ca. 10 m of the L/P sequence as a result of human activities (Molnár and
Krolopp 1978). Due to the elevated position of the site, sediment accumulation
must have been continuous during the past in the area (Jakab et al. 2004). Our
work was focused on the analysis of the micromorphological features of a
pedogenized unit found in the central part of the section and dated to the
terminal Weichselian (Weichselian 3) (Sümegi and Krolopp 1995), as well as a
chernozem-like paleosol horizon (Molnár and Krolopp 1978) developed on sands
at the bottom of the section dated to the Weichselian 2–3 (Sümegi and Krolopp
1995). 
Material and methods
Measurements of carbonate and organic content
Carbonate (CC) and organic content (OC) of the samples was determined via
Dean-type loss-on-ignition (Dean 1974). 
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Fig. 1
Location of the study site
Field sampling for micromorphological investigations
There are several methods available from the literature, which discuss sampling
techniques from unconsolidated sediments and palesols as well as archeological
objects yielding undisturbed samples for study (Sümegi 2003a). All methods
differ to some degree depending on the peculiarities of the deposits under study
and the problems to be addressed. All of them, however, aim to minimize on-site
sample disturbance (FitzPatrick 1993). The chosen horizons of the referred loess
section were sampled by retrieving 6 larger blocks of 20x10x10 cm dimension.
Orientations of the blocks were noted and photographed in the field (FitzPatrick
1993). The blocks were then individually wrapped and transported to the lab for
further subsampling for thin sections. 
Sampling for thin-section analysis
The 6 sampled blocks were impregnated in the lab with epoxy resin
(ARALDITE AZ 103) and subsequently subsampled for oriented thin-section
analysis, yielding 24 thin sections. Sub-sampling targeted the terrestrial loess as
well as the underlying pedogenized horizon and the transition between the two
in the case of the block derived from the central part of the L/P profile (Hupuczi
and Sümegi 2010). A similar approach was adopted for the block taken from the
bottom of the section (Molnár and Krolopp 1978) (Fig. 2). For the description the
international (Bullock et al. 1985) and Hungarian protocols for soil description in
thin section (Szendrei 2000) were adopted. Visual description under the
microscope was complemented by computer-aided image analysis to enhance
identification (Dezsõ 2011). 
For the preparation of the thin sections the methods proposed by Szendrei
(2000) and Dezsõ (2011) were systematically followed. The block samples were
dried in a drying oven at a temperature of 30°C for a week. Then the dried blocks
were sliced for subsamples. The obtained subsamples were impregnated for 1
week and allowed to dry for another week. Then the subsamples were finalized
via impregnation in epoxy resin (ARALDITE AZ 103) and were machine sliced
(BUEHLER PETROTHIN). The initial blocks were vertically subsampled allowing
us to cover a depth of ca. 60 cm with 12 thin-section samples. The final outcome
was 15–30 microns thick after hours of machine slicing and polishing (Szendrei
2000; Dezsõ 2011). Following the classical description a quantitative as well as
morphological analysis of each thin section was implemented under a
polarization microscope type NIKON Eclipse E600 (Bullock et al. 1985; FitzPatrick
1993; Szendrei 2000). The parts of interest were photo-archived (CANON EOS
30D). The obtained photos were further analyzed using image analysis software
(Corel Photo Paint X5, ImageJ and Zoner Panorama Maker). Computer-aided
image analysis was implemented on 24 selected thin-sections. 
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Results 
Carbonate and organic content from the two pre-selected horizons of the section
Horizon 1 (420–480 cm)
The organic content ranges between the values of 0 and 6% in the 10-m section,
with the highest values recorded in the uppermost A horizon of the modern soil.
There is a gradual downward decrease to an average of 1% generally
characteristic of the loessy zones. This value is double in the paleosol horizon
found in the central part of the section between the depths of 4 and 5 m, which
is the focus of our work (2–3%) (Fig. 3). The carbonate content ranged between 4
and 16% in the entire section. The lowermost values were recorded in the
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Fig. 2
Simplified sketch of the studied L/P section (modified after 8) with the location of the block samples
and the subsamples of the thin sections
The schematic drawing of the section
(Hupuczi and Sümegi 2010)
Depth
(cm)
uppermost part of the section corresponding to the modern soil horizon (4–8 %).
The remaining parts had values ranging between 12 and 14%. In the studied soil
horizon this parameter is generally low, ranging between 5 and 6%. 
Horizon 2 (970–1040) 
There is a general increase in the organic content of the samples in this part of
the studied section as well (Molnár and Krolopp 1978) (2–3%). Values are roughly
double those of the overlying loessy deposits (Fig. 3). The carbonate content is
around the average (12–14%) up the upper part of the referred horizon (960–970
cm). There is a drastic drop downward from here to values of ca. 4–6%. 
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Fig. 3
Organic (OC) and carbonate content (CC) of samples along the studied section 
The schematic drawing of the section
(Hupuczi and Sümegi 2010)
Organic matter content Organic matter contentCarbonate content Carbonate contentDepth
(cm)
Thin section description 
Detailed micromorphological description of the subsamples
Madaras_1 (420–440 cm; Mad_1_1-4) (Fig. 4)
This sample derives from the loessy deposits directly overlying the upper
paleosol (Hupuczi and Sümegi 2010). Organic and inorganic skeletal elements are
equally present in the thin section. The matrix is generally homogeneous,
displaying no orientation at all and/or slightly oriented around the pores. In some
places the matrix is slightly concentrated. The pore margins are fringed by
accumulated limonitic matrix. Pore filling is highly variable, ranging from semi to
fully filled pores. Larger grains are generally absent. Some rectangular elements
are discernible in the matrix including rectangular pores and macropores.
Bioturbation marks are subordinate along the studied horizon. The texture of the
matrix is porphyric or lacking any structural orientation.
Madaras_2 (440–460 cm; Mad_2_1-4) (Fig. 5)
This sample represents a transition between the loess and the paleosol
(Hupuczi and Sümegi 2010). The matrix contains a wide range of organic (plant
remains) and inorganic (gastropod shell) skeletal parts. The matrix is generally
homogeneous, displaying orientation only along the pores. There is a marked
increase in iron precipitates, both in the form of nodules and accessory
precipitates in the matrix. Along the iron nodules an accumulation of ferruginous
matrix is also discernible. There is a marked increase in the number of
bioturbation traces; the number of filled cavities related to them is likewise
generally higher. The texture of the matrix is porphyric or sometimes compacted,
which tends to have show slight lamination in the lower part of the studied
horizon (FitzPatrick 1993). 
Madaras_3 (460–480 cm; Mad_3_1-4) (Fig. 6)
This sample corresponds to the upper paleosol of the section (Hupuczi and
Sumegi 2010). Organic (plant remains, biomorphs) and inorganic skeletal remains
are equally present in the studied thin sections. The matrix is generally
homogeneous, displaying slight orientation around the cavities and macropores.
Even laminar parting was discernible. Orientation of the matrix is equally visible
around the skeletal parts. The texture is porphyric with a common occurrence of
iron and manganese accumulations and separations. There is a clear
accumulation of the ferruginous matrix around iron nodules with sharp
boundaries. Bioturbation marks are common, many of them having larger
mineral grains inside. The structure of the ferruginous matrix is sometimes ring-
like, but a horizontal distribution is much more common. The number of
rectangular aggregates is likewise higher. Illuviation traces are often recorded in
and around the cavities having a different color from that of the matrix. 
342 D. G. Páll et al.
Central European Geology 56, 2013
Micromorphological investigations on two paleosol horizons of the loess/paleosol sequence of Madaras   343
Central European Geology 56, 2013
Fi
g.
 4
1a
, b
. m
at
ri
x 
di
ff
er
en
tia
tio
n;
1c
. 
m
at
ri
x 
d
if
fe
re
n
ti
at
io
n
w
it
h
 
lim
on
it
ic
 
m
at
ri
x
co
n
ce
n
tr
at
io
n
s 
at
 
th
e
m
ar
gi
n
; 
2.
 
m
at
ri
x
di
ff
er
en
tia
tio
n;
 3
a,
 b
, 
c,
 d
.
po
re
s 
of
 v
ar
io
us
 fo
rm
s 
an
d
si
ze
s 
as
 w
el
l 
as
 d
iff
er
en
t
de
gr
ee
s 
of
 f
ill
s;
 4
a,
 b
, 
c.
or
ga
ni
c 
sk
el
et
al
 r
em
ai
ns
 in
th
e 
m
at
ri
x 
(b
io
m
or
p
h
s,
ga
st
ro
p
od
 
sh
el
ls
, 
p
la
n
t
re
m
ai
ns
)
344 D. G. Páll et al.
Central European Geology 56, 2013
Fi
g.
 5
1a
, b
, c
, d
, e
. p
or
es
 o
f d
iff
er
en
t s
iz
e,
 s
ha
pe
 a
nd
 d
eg
re
e 
of
 fi
ll;
 2
a,
 c
, d
, e
. h
or
iz
on
ta
l m
at
ri
x 
ac
cu
m
ul
at
io
ns
 o
f v
ar
io
us
 s
iz
e;
 2
b.
 la
m
in
at
ed
 s
tr
uc
tu
re
s 
in
 th
e
m
at
ri
x;
 3
a,
 b
, c
. i
ro
n 
no
du
le
s 
of
 v
ar
io
us
 s
iz
e 
an
d 
bo
un
da
ry
; 4
a,
 b
. s
ke
le
ta
l m
at
er
ia
l (
pl
an
t r
em
ai
ns
, m
ol
lu
sk
 s
he
lls
)
Micromorphological investigations on two paleosol horizons of the loess/paleosol sequence of Madaras   345
Central European Geology 56, 2013
Fi
g.
 6
1a
–1
h.
 f
er
ru
gi
no
us
ac
cu
m
u
la
ti
on
s 
of
d
if
fe
re
n
t 
si
ze
,
sh
ap
e 
an
d
or
ie
nt
at
io
n;
 2
a–
2i
.
ca
vi
tie
s 
of
 v
ar
ia
bl
e
si
ze
 a
nd
 d
eg
re
e 
of
in
fi
ll;
 
3a
–3
d
. 
fi
n
e
m
at
ri
x 
ac
cu
m
u
-
la
ti
on
s,
 i
llu
vi
at
io
n
tr
ac
es
; 
4.
 
la
rg
e
cr
ac
k 
in
fi
ll 
by
di
ff
er
en
t 
m
at
ri
x;
 5
.
la
m
in
ar
 
or
ie
n
ta
t-
io
n 
in
 t
he
 m
at
ri
x
w
it
h
 
fe
rr
u
gi
no
u
s
ac
cu
m
u
la
ti
on
 
on
to
p
Madaras_4 (970–990 cm; Mad_4_1-4) (Fig. 7)
This sample corresponds to the loessy horizon directly overlying the lower
paleosol of the studied section (Molnár and Krolopp 1978). Organic (plant
remains, biomorphs) and inorganic skeletal remains are equally present in the
studied thin sections. The matrix displays no visible orientation apart from the
areas around the skeletal remains, pores, and cavities. The texture is porphyric.
Larger cavities and macropores are likewise present with an accumulation of
ferruginous materials around the margins. Illuviation traces are absent. The
number of bioturbation marks is negligible. Mineral grains of larger size often
turn up in the matrix with a dominantly rectangular, sometimes oval shape and a
random distribution. Ferruginous accumulations and separations are present but
not common. 
Madaras_5 (990–1010 cm; Mad_5_1-4) (Fig. 8)
This part corresponds to a transitional horizon between the loess and the
underlying lower paleosol (Molnár and Krolopp 1978). Organic (plant remains,
charcoal, biomorphs) and inorganic skeletal material (mineral grains) are equally
present. The matrix displays no visible orientation apart from the areas around
the skeletal remains, pores, and cavities. Larger iron precipitates with sharp and
faint boundaries are surrounded by ferruginous accumulations of the matrix.
Such accumulations are especially common at the bottom of the studied horizon.
Unevenly scattered larger mineral grains of oval shape are also attested. In
addition illuviation traces are also much more common in this part of the section.
The amount of bioturbation is negligible. Some pine charcoal remains were also
noted (K. Náfrádi, pers. communication).
Madaras_6 (1010–1030 cm; Mad_6_1-4) (Fig. 9)
This part corresponds to the paleosol layer at the bottom of the studied section
(Molnár and Krolopp 1978). Organic (plant remains, charcoal, biomorphs) and
inorganic skeletal material (mineral grains) are equally present in a size larger
than average. The matrix is homogeneous without any orientation, apart from the
rim of skeletal remains, pores, and cavities. Iron precipitates, nodules and
accumulations are very common along this horizon with sizes larger than
average. The number of bioturbation traces also increases. The pores are either
empty or infilled. The quantity of mineral grains is high. Most of them have an
oval or roundish shape and are randomly scattered in the matrix. Larger charcoal
remains displaying signs of corrosion and erosion are also common. Illuviation
traces are the highest in number in this part of the studied horizon. 
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Results of pore size and shape parameterization studies 
Results of pore parametric analysis of loose sediment from the middle part of the
section 
The average pixel value of pore and cavity areas ranges around a few hundred
(Fig. 10) and is relatively stable, apart from a few exceptions (Mad_1_3 shell). An
increase in the average values must be attributed to either the presence of outliers
(like gastropod shells) or the presence of larger cracks in the thin sections. In the
zone directly above the paleosol horizon there is a sharp increase in the number
of pores and cavities as well as in bioturbation marks. The size of the pores is
around a couple of hundred pixels, but in total they provide only a small
percentage of the entire studied area of thin sections, implying a more compact
nature of the sediment. The percentage of encountered pores ranges around
1–2% in the paleosol as well as in the transitional zone. These higher values must
be attributed to bioturbation. The shape of encountered cavities and pores ranges
from elongated, strongly elongated, weakly isometric, isometric to round
(Skvortsava 1998; Szendrei 2000). The number of isometric pores and cavities is
much higher than that of the elongate forms. Interestingly the elongated cavities
are prevalent in the loessy and transitional horizons of the section. On the other
hand oval and roundish pores and cavities predominate in the paleosol horizons.
There is an outlier in the parameter for rounded pores within the loessy zone,
where the plane of the thin section cut through the apex of a loess gastropod shell
(Sümegi, pers. comm). The values for the shape factor in the studied horizons
range between 0.4 and 0.7 (Skvortsava 1998; Szendrei 2000), indicating the
presence of subangular, compact, cracked structures. This factor is above the
value of 0.6 in the loessy horizon, implying the dominance of compact structures
with fissures. In the transitional horizons characterized by a higher number of
bioturbation marks (indicating greater disturbance), the shape factor values are
between 0.5 and 0.6, indicating a subangular, disturbed structure of the deposit.
The shape factor was between 0.4 and 0.7 in the paleosol horizons, indicating a
slightly disturbed, subangular, sometimes compact structure in the morphologies. 
Results of pore parametric analysis of loose sediment from the lower part of the
section 
The number of identified pores along the referred horizon was highly variable,
between 50 and 500 (Fig. 11). This must be attributed to several factors. The higher
values at the top must be attributed to the presence of a secondary fissure.
Similarly high values at the bottom, however, may indicate the shape of a larger
piece of residual organic matter. The cavity field values along the section are
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Fig. 10 →
Results of pore parametric analysis of loose sediment from the middle part of the section 
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relatively similar, but in two cases take up an extreme value. The total area of
ground glass along the section has values ranging between 0 to 3%. Higher values
can be found in the transitional horizon, while the lower values are found in the
loess horizon. The number of elongated cavities is small; only the transition and
the soil-like horizons are notable for their higher numbers. The largest number of
the elongated pores ("cracks") are in the soil-like horizon and must be related to
some turbation activity. The number of highly elongate pores is larger than that of
elongate pores. However, the trends in both values are similar displaying an
increase in the transitional and paleosol horizons. The oval and circular
macropores and cavities are present in the largest number in these horizons as
well. Shape factor values range between 0.4 and 1 in this part of the section. These
values are between 0.6 and 0.8 in the loessy zones as well as in the transitional
horizons, indicating a compact microstructure with negligible or no bioturbation
activity. In the upper part of the paleosol horizon the values indicate unstructured
morphologies. In the fully developed paleosol, shape factor values range between
0.6 and 0.8, with a gradual decrease to 0.4 and 0.6, indicating the appearance of
subangular, blocky structures. 
Discussion
According to the results of geochemical (organic content (OC), carbonate
content (CC)) and micromorphological investigations carried out on selected
sections of the Madaras loess profile (Jakab et al. 2004) minor fluctuations in
sediment accumulation most likely representing paleoenvironmental
perturbations, could be attested in a seemingly macroscopically-homogeneous
section, where loessy horizons are hard to distinguish from those having been
subjected to pedogenesis of various degree in the field. The loessy zones are
generally characterized by more compact microstructures with a matrix lacking
any particular orientation. Minor structuring of the matrix is present along the
pores alone; the number of these is, however, much lower compared to the
transitional and paleosol zones or horizons. Bioturbation marks are also rare in
the loessy zones and relatively more abundant in the transitional and fully
developed paleosol zones. Likewise the number of iron and manganese
precipitates and nodules, as well as ferruginous accumulations in the matrix, is
reduced in the loessy zones compared to the transitional and paleosol horizons.
The loessy zones are furthermore characterized by lower OC values and lower
concentration of organic skeletal remains. CC values are around the average
characterizing the rest of the loessy horizons of the entire section. The cavities are
also reduced in the loessy horizon compared to the transitional and paleosol
horizons. The loessy horizon is predominated by elongate pores and cavities,
reflecting the influence of post-depositional secondary processes. In the
transitional horizons there is a general increase in the OC as well as the number
of organic remains observed in the thin sections compared to the loessy horizons.
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This is accompanied by a gradual decrease in the CC values. Charred wood
remains also turn up in the thin sections. The matrix is predominantly
unstructured, displaying some orientation along the pores and cavities. The
number of these is higher than in the previous loessy zone. Horizontal "thread-
like" iron separations, some of which are connected to pores and cavities, also turn
up. Iron nodules with a sharp or fading boundary also occur in larger quantities
here. Rectangular accumulation structures in the matrix are also discernible, most
likely reflecting the influences of wetting and drying (Szendrei 2000).
Ferruginous accumulations in the matrix are also characteristic of this horizon.
According to the received shape factor values, the transitional horizons are not as
compact and unstructured as the loessy horizons (Skvortsava 1998; Szendrei
2000), but represent some sort of transition to blocky microstructures. The
number of filled pores and cavities, with a dominance of mineral grain fills, also
increases here. The distribution and shape of these mineral grains is rather
random. The general shape of the indicated mineral grains indicates less intense
weathering than in the typical paleosol horizons.
There is a general increase in the OC values of the typical paleosol horizons
(Molnár and Krolopp 1978; Hupuczi and Sümegi 2010), parallel to that of the
organic skeletal remains (charcoal). The matrix tends to be oriented along the
pores and cavities in the company of ferruginous accumulations. Iron nodules
and precipitates are commonly surrounded by a matrix of ferruginous material
accumulations displaying a halo-like structure. The number and size of illuviation
traces is also higher compared to the other studied zones. Laminar structures in
the matrix also occur here, with thick ferruginous material accumulations on the
top. The shape of pores and cavities is predominantly circular; elongate forms are
present only subordinately. Bioturbation marks are fairly common, most of which
are infilled by large mineral grains. The CC content in the zone suffering
pedogenesis is significantly reduced. Shape factor values indicate the dominance
of blocky structures (Skvortsava 1998; Szendrei 2000). The development of such
structures is partly attributable to heightened bioturbation activities, and/or
alternating wetting and drying or freezing/thawing of the deposit (Szendrei
2000). Accumulations of larger mineral grains are also common, displaying a
random distribution in the thin sections with accumulations in the inner margins
or pores, cracks and cavities. Ferruginous accumulations in the matrix between
the referred mineral grains are also common. 
Conclusion
Loess-covered regions hosted numerous open pits and brickyards supporting
construction material production over the past centuries in Hungary, including
our study site of the brickyard of Madaras located at the northern edge of the
Backa Loess Plateau. The section of the brickyard exposes a loess/paleosol
sequence for the past ca. 30 kys. Paleoenvironmental parameters continuously
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changed from the beginning of the Weichselian 2-3 (Sümegi and Krolopp 1995)
representing the initiation of loess accumulation at this location in the Carpathian
Basin. Thus in many cases not only loess deposits were formed (Hupuczi and
Sümegi 2010). The lowest part of the section hosts a chernozem-like paleosol
horizon characterized by higher OC (Molnár and Krolopp 1978) (Fig. 12).
According to the results of Quaternary malacological studies implemented on the
section (Sümegi 1989), the climate was very similar to the present one at the time,
ensuring the sustainment of relatively stable conditions necessary for
pedogenesis (Sümegi 1989; Hupuczi and Sümegi 2010). The results of
micromorphological investigations seem to corroborate this assumption of a
stable warmer climate (increase in bioturbation marks, ferruginous accumulations
in the matrix along the pores and cavities). There is a general increase in iron
precipitates as well as that of organic remains (charred pine) (K. Náfrádi, pers.
comm.). These features are not characteristic of the typical loess horizons. The
structure is blocky. However this blocky structure is restricted to the lower parts
of the referred horizon. The upper part is unstructured and much more compact.
This indicates the cessation of the pedogenesis in the upper parts of the inferred
paleosol horizon under a cooling climate characterized by a retreat of the
vegetation and the advent of a typical loess mollusk fauna (Sümegi 1989). These
conditions prevailed until the end of the Weichselian 3, when the retreat of the
typical loess mollusk fauna (including the taxon Trichia hispida) (Sümegi 1989)
was accompanied by an advent of ecotone taxa like that of Punctum pygmaeum
(Sümegi 1989; Hupuczi and Sümegi 2010). In these horizons a general increase of
such micromorphological features can be seen (iron precipitates, shape of pores,
frequency of bioturbation marks), which again reflect some degree of
pedogenesis. Observations made so far on the paleosol horizons of the Madaras
section (Sümegi 1995, 2005; Sümegi et al. 1996) seem to corroborate previous
assumptions regarding the micro- and meso-scale complexity of the
paleoenvironment of the Carpathian Basin during the last ice age. 
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Summary of results of previous studies and those of this study for the Madaras section
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